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DETERMINATION OF THE MAXIMAL VALUES OF THE GRAVITATIONAL */7h
DRIFT AND THE DRIFT DUE TO IRREGULAR RIGIDITY IN
INTEGRATING FLOATED-TYPE GYROSCOPES

G.A.Slomyanskiy 2 51 g / <

Derivation of formulas for maximum values of drift in inte-
grating floated-type gyroscopes, proceeding from expressions
for momenta due to the imbalance and irregular rigidity of
the gyro-unit and assuming that the float is absolutely
rigid while the gyromotor structure is not evenly rigid

and has a fixed axis. The results are discussed. / .
it )

The moment of noise acting on the gyro unit of an integrating floated-type
gyroscope in the general case is composed of moments not dependent upon accelera-—
tion and of moments dependent upon acceleration. The first include moments
produced by flexible current conductors and convection currents of a fluid, the
reactive moments of the angle and momentum sensors, etc. The moments dependent
upon acceleration are the moments produced by the instability and irregular
rigidity of the gyro unit. The occurrence of gyroscope drift from the irregular
rigidity of the suspension system was first indicated by A.Yu.Ishlinskiy
(Bibl.l).

When the instrument moves with linear acceleration E, the lift force and
the weight (more exactly, the Mapparent weight") of the gyro unit (Bibl.2) will
be respectively equal to myw and mw (m; = pV is the mass of the liquid in the
volume V of the gyro unit, m is the mass of the gyro unit, w = ‘E - E!, and g

is the acceleration of gravity), and the floating axis of the gyro unit is di-

#* Numbers in the margin indicate pagination in the original foreign text.
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rected along the Mapparent vertical™. Therefore, at a # O the difference be-
tween the 1lift force and the force of the weight of the gyro changes by 'g -

- al/g times in comparison with its value at a = 0; in this case the sign of
the difference remains unchanged. As a consequence of this, the moment due to
instability of the gyro will be proportional to the first power of the projec-
tion of the vector w =‘E - a onto the transverse plane of the instrument yz,

(y and z, are the output and lateral axes of the instrument). Correspondingly,
the drift caused by this moment will also be proportional to the first power of
the projection of the vector w onto the plane yzqy.

Since the drift due to the gyro wnit instability is a function of accelera-
tion, it can be estimated in _éggéhz_, i.e., by the value of the angular drift
velocity observed on the ground in the absence of translational velocities
(a = 0). The drift caused by instability of the gyro observed on the ground
in the absence of translational velocities (a = 0) and with a horizontal posi-
tion of the output axis of the instrument x will be called the gravitational /75
drift. At a # 0 and with a horizontal position of the x-axis, the drift due to
instability of the gyro will be equal to the gravitational drift multiplied by
the value of the projection of the vector W = g - a onto the yZo plane, ex-
pressed in fractions of g.

For floating gyroscopes, the moment caused by the irregular rigidity of
the gyro unit is a consequence of the fact that, for an unequally rigid gyro
unit, the elastic displacements of the center of gravity and of the center of
pressure occur in directions that do not coincide with the direction of the
action of the forces causing these displacements. This moment, and thus also
the resultant drift, are proportional to the second power of the projection of

the vector w = E - a onto the transverse plane of the instrument yz,. In con-
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formity with this, the drift caused by irregular rigidity of the gyro unit
deg/hr
2

g
angular drift velocity observed on the ground in the absence of translational

should be estimated in s i.e., it can be estimated by the value of the
velocities (a = 0).

Originally, the gyro unit of an integrating floated-type gyroscope con-
sisted of a frame with a gyro motor and a hollow cylinder which was placed on
the side parts of the frame, made in the form of disks, and hermetically con-
nected with them. However, in the course of time, the frame was eliminated to
impart greater rigidity to the gyro unit, and its functions were taken over by
the float. The float consisted of two parts (each in the form of a container)
hermetically connected with each other. A gyro motor was preliminarily mounted
to one of them. With this design of the gyro unit it was possible to make the
gyro motor equally rigid and the float absolutely rigid, for all practical
purposes, relative to the maximal possible values of the forces acting on it.

Assuming that the float for practical purposes is absolutely rigid but
the design of the gyro motor does not satisfy the condition of equal rigidity
and is made with a fixed axle, we will derive the expressions for the moments
Mz and Mz caused, respectively, by instability and irregular rigidity of the

gyro unit. For this, we will introduce the following symbols (see diagram):

Point O = track of the output axis of the instrument x (axis of rota-
tion of the gyro unit);

z = axis of rotation of the rotor of the gyro motor;

¥y = axis perpendicular to the x- and z-axes;

T and £ = horizontal and vertical axes;

8 = angle of inclination of the z-axis to the plane of the

horizon;



my

ra; ¥»

K4y and K4z

acceleration of gravity;

mass of fluid in the volume of the gyro unit;

polar coordinates of the center of pressure O;;

mass of gyro unit without gyro motor;

polar coordinates of the point Oz of application of a force
of weight mag;

mass of gyro motor; /76
polar coordinates of the point O3 at which the center of
mass of the gyro motor would be located if the gyro motor
were absolutely rigid;

mass of a rotor component of the gyro motor, subject to
elastic displacement parallel to the y-axis and parallel to
the z—-axis;

mass of an axle component of the gyro motor with stator,
subject to elastic displacement only parallel to the y-axis;
point of application of a force of weight (mas -~ m,)g;

point of application of a force of weight m,g;

mass of entire gyro unit;

polar coordinates of the center of mass of the entire gyro
unit with an absolutely rigid gyro motor;

transverse rigidity of an axle component of the motor with
stator;

radial and axial rigidities of a component of the rotor with
bearings;

A (1)

- &M
"“T;COsO
elastic displacement of the center of mass of an axle com-
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ponent, with the stator parallel to the y-axis;

cos0; A,=—;'"-'Lsin0 1 (2)

a4y [

By, = ™

= elastic displacements of the center of mass of a rotor /17
component with bearings relative to the center of mass of an
axle component with the stator parallel to the y- and z-axes,

respectively.

Derivation of the Expression for the Moment M., Caused by
Instability and Irregular Rigidity of the Gyro Unit

On the basis of egs.(1l) and (2) it can be derived that the forces, depicted

in the diagram, produce the following moment about the x-axis:

My3 = gmr cos (04 ) — gmyr, cos 04 ¢+
g _"i 2 _.'____—-‘-—]lln%,
+-_2.{ K;y +m‘( K., Ku)

(3)

where

r= LV (o A (myrsl + 2myMyryry €0s (h2—a)s
m -

Myry sin 4’1 + myry sin ‘Pa .
Mary COS g -+ Myry €OS Yy

tan ==

In eq.(3), the first two terms represent the moment Mz caused by the in-



stability of the gyro unit relative to the x-axis. Thus,
M, =
2= glmrcos(® + ¢) — m,r, cos (@ +¢,)). | (L)

The third term is the moment M5 caused by the irregular rigidity of the

gyro motor. Consequently,

: 1 (5)
The maximum value of the moment Mg
M, mue = gV (mr2 4 (myr, ) — 2mm,rr, cos (4 — §) ‘ (6)
is obtained at an angle 8 equal to
6* = tan

-1 myrysingy—mrsind | (7)
mrcos ¢ — myry cos ¢, 1

Using the equalities (é) and (7), we can present eq.(4) in the form of
M, = M, ., cos(8— 0%). (8)

The moment Mp, in principle, can be equated to zero for any value of the
angle 9, by various methods. However, so that Mz = O at any possible value of
the mass m;, which is a function of the temperature of the fluid, it is neces-
sary that r = nn = 0, i.e., that the center of mass and the center of pressure
of the gyro unit be on its axis of rotation. With any other method of making
the moment Mz vanish, the equality Ms = O will not be invariant with respect /78
to the possible values of the mass m;. For example, if at a certain tempera-
ture of the fluid the moment Mz is made to vanish by reducing the center of
mass and the center of pressure to a single point which does not lie on the
axis of rotation of the gyro unit (m=mi, * = %, r =, # 0), then a change
in temperature will cause the equality m; = m to be disturbed owing to a change
in m;, as a consequence of which, at r = r; # O, the moment M, will cease being
equal to zero.

Tt is quite difficult to make the moment M, precisely and stably equal to

6



zero. A decrease in the moment M to a value close to zero is achieved by care-
ful balancing of the gyro unit by a special procedure with the use of high-
precision devices.

It is apparent from eq.(5) that, on any change in the angle 5, the moment

M5 will change with a doubled frequency and its peak amplitude will be

2
M, =_e'_[_'"=_ z(_n___n_)]
3 max 9 K” +m4 K" 3 Ku \ (9)
yielding, for the angles
b= (Ze+1) £=0,1,2, ... | (10)

So that the moment Mz will be equal to zero at any value of the angle 2,

it is necessary to observe the following condition:

2 1

ms 2 (____l — ———') = 0' \

—_— m
K:y ¢ K‘Y Kes

which is the condition of equal rigidity in the case under consideration. When
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exact satisfaction of this condition is difficult, the residuai value o
moment caused by the irregular rigidity can be compensated by a special com~-
pensator, which is a small mass mounted to a flat spring. By rotating the
spring about its long axis, we can change the sense of its deformation and thus
also the direction of displacement of the mass. By experimentally selecting
the position of the spring,we can theoretically achieve complete equal rigidity
of the system. This compensator, as it were, reduces the rigidity of the gyro
unit in the direction of the axis along which it has a greater rigidity.
In the general case, drift of an integrating floated-type gyroscope is

caused by the moment acting about the x-axis

A4==A4,+J“z4‘hh'
where M, is the moment of noise which is not dependent upon acceleration, in

other words, the moment due to causes not associated with instability and un-



equal rigidity of the gyro unit. The moments M, and M, are determined by /79

egs.(8) and (5). Correspondingly, in the general case the angular drift ve-

locity is
©y =+ @y, - @y + 05, (11)
where
"’dl="/¥;—» b"d2=%v 'ds='%'-' ; (12)
Here, H is the intrinsic (kinetic) moment of the gyroscope.
We will designate
Oyt max = hﬂ;"m (13)
as the maximum value of the velocity of drift caused by the moment of noise
which is independent of acceleration;
® - M2'llil (114')
d2 max H
as the maximum value of the velocity of drift caused by instability of the
gyro unit;
T L (15)

as the maximum value of the velocity of drift caused by irregular rigidity of
the gyro unit (in our case, of the gyro motor).

When designing an integrating floated-type gyroscope, the kinetic moment H
and the figure of merit D of the gyro motor (D = H/P;, where P; is the weight
of the gyro motor) should be selected as a function of the given values of
Waznax and Waamax according to the following formulas derived from egs.(l)),

(6), (15), and (9):
%(l+bc)”'¢zmx; (16)

(17)

where



P/Ps (P is the weight of the gyro unit);

a =
b = P (Qis the weight of the fluid in the volume of the gyro unit);
c =n/r;

d = Py /Pa (P, is the weight of the rotor of the gyro motor). The other

designations are as before.
Equation (16) is derived on the assumption that §; — ¥ = m, since in this
case the moment Ma,ay determined by eq.(6) has, other conditions being equal,
the highest value.
So that the component of the angular drift velocity, which does not /80
depend on the acceleration, will not exceed the maximal permissible value wyimax,

the following inequality must be observed
M <Hay, . . (18)

With an equally rigid gyro motor, H and D should be determined by egs.(18)
and (16).

As is known, the angular drift velocity of integrating floated-type gyro-
scopes is determined by a special dynamic stand which permits measuring it both
in a horizontal position of the x-axis and at various values of the angle € and
in the case where the x~axis is vertical. Iet us assume that the angular drift

velocity measured at angles © equal to O, —E—, and -%—, is respectively equal

to wy (0), wd(-g->, and wd< g ). The angular drift velocity measured at a
vertical position of the x-axis will be denoted by Wyvert. This velocity can
be taken for the velocity ws: since, at a vertical position of the x-axis,
Mz = Ma = 0 so that the drift is caused only by the‘moment Mie

We will show how to determine Wyzmex and Wsismax if Wyverts Wa(C), wd<-E—>,
and wd(-g-> are known.

From egs.(L) and (6) we see that



M?mu'—' L/ M§(O)+M§ (%) , (19)

where M3(C) and Mg(\——;—) are the values of the moment M, respectively, for

9=Oand9=-g-.

Substituting eq.(19) into eq.(1l.), we obtain
®a2 max = ]/ 0, (0) + of, (’;‘) J \ (20)

where w;2(0) and wdg(\ -—Tz-r-) are the angular velocities of gravitational drift for

& =Cand® = —-g—, respectively. From eq.(5) and from eq.(12) for w,;, we see
that, for these values of the angle €, the angular drift velocity is wys = O

consequently, from eq.(11) it follows that

00 (0) = @, (0) — ®ive ' ] ‘

“’42 (-:—) = o (:—-) —
2 d 2 d, vert.

Substituting eq.(21) into eq.(20), we derive the final formula for calcu-

(21)

lating the maximum value of the gravitational drift: /81
. - — -
Dg2mix = ‘/['d(o)—".d, vnt.] +[’d(—2-)—.,ver'--w . (22)
w*f«ﬂ ~ Sa
We see from eq.(8) that wypnax will occur at angles 6 equal to 6% and
7+ 6%, At both angles, the direction of the drift will be the same.
From egs.(4) and (7), we obtain
M,(-l)
0* = tan~1 2
MO
Using the equality (12) for wsz and eq.(21), we get
()
®dx {9 ] %4, vert.
o= -1 N2 d,vert . (23)

tan .dl(o)_.d,m
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Equations (5), (9), and (15) directly show that wsysmax will occur at
angles 6 determined by the equality (10) and, in particular, when & = -E—.

Therefore, on the basis of eq.(1l) we can write

0, mo (o (o
43 max = 4 | 7 a2\ ) P vert | (24)
where wd2<-¥;> is the value of uwyp at 6 = -E—.
4

Assuming € = —E—, in eq.(4), we obtain

M) = [+ (3]

2

Substituting this value of Mg(—;—) into eq.(12) for wyz we find that
L

wul )= faralE]

Substituting this expression and the equalities (21) into (2.), we ob- /82
tain the final formula for calculating the maximum value of drift caused by the

irregular rigidity of the gyro unit:

e o)=L [ea0+o.( 3] +'.

o eV T Do (25)

Thus, for calculating the values of Wyomaxs Wgamaxs and 67 it is necessary
to know [as we see from egs.(22), (25), and (23)] the angular drift velocities
wq (0), wd(‘gf>’ wd<-%->, and Wyyert» However, it should be noted that, with a
horizontal position of the x-axis, the velocity w,; may differ somewhat from
Wyverte Furthermore, at various values of the angle ©, the velocity w4, cah
also have various values. Therefore, along with the indicated simple method of
determining ®Wysmax and Wezmaxs another method should be recommended which in-
volves measuring wy in the horizontal position of the x-axis and various values

of the angle 9 from C to 360° at equal intervals, for example every 3c°. Then,
11
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the graph of the dependence of wy on 9 is analyzed by the harmonic balance

method.
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